C ells commit suicide in a highly regulated manner to sculpt an organism during development, to maintain homeostasis in postnatal tissues, and in response to noxious cues. It was thought until recently that cells in this situation were eliminated solely by apoptosis, a process whereby they shrink, fragment, and undergo phagocytosis-all while maintaining plasma membrane integrity and thereby avoiding inflammation. Necrosis, a nonapoptotic form of cell death characterized by depletion of cellular ATP, plasma membrane rupture, cell swelling, and marked inflammation, has been recognized for centuries but until recently was considered a passive and unregulated process. Work in worms and mammals over the past decade, however, has led to the unexpected discovery that, at least in some instances, necrosis can be deliberate and regulated (1) (2) (3) (4) (5) . Although intensive work over the past 20 years has produced a mature blueprint for the molecular regulation of apoptosis (6), delineation of programmed necrosis signaling remains a work in progress. Nevertheless, an obvious next step is to begin to elucidate the interface between molecular events that mediate apoptosis and necrosis. As reported in PNAS, Chen et al. (7) manipulated a protein that can induce cell death with either apoptotic or necrotic features to probe the relationship between apoptosis and necrosis mechanisms in the mitochondria and endoplasmic reticulum (ER).
Apoptosis (6) and necrosis (3) (4) (5) 8) are each mediated by pathways that involve cell-surface death receptors and the mitochondria/ER. During apoptosis, death signals are relayed via BH3-only proteins [proapoptotic Bcl-2 proteins that share homology only in Bcl-2 homology domain 3 (BH3)] to Bax and Bak ("multidomain" proapoptotic Bcl-2 proteins). Bax and Bak subsequently initiate poorly understood events that lead to the permeabilization of the outer mitochondrial membrane (OMM). The resulting release of cytochrome c into the cytosol triggers apoptosome assembly and subsequent caspase activation and apoptosis. Simultaneous deletion of Bax and Bak renders cells resistant to apoptotic signals transduced via the mitochondrial pathway (9).
The mitochondrial events of necrosis are quite different and involve opening of a pore in the inner mitochondrial membrane (IMM) referred to as the mitochondrial permeability transition pore (MPTP). Although the biochemical composition of MPTP is uncertain, it is known to be regulated by cyclophilin D, a peptidyl-prolyl cis-trans isomerase located in the mitochondrial matrix. The cellular consequences of MPTP opening are profound. There is loss of Δψ m , the electrical potential across the IMM that is needed to drive ADP→ATP production. Moreover, MPTP opening results in marked mitochondrial swelling and potentially outright rupture of the OMM. OMM rupture during necrosis allows the release of apoptogens that likely engage components of the apoptosis machinery to further enhance cell death. Deletion of ppif, encoding cyclophilin D, confers resistance to necrosis resulting from stimuli that use the mitochondrial pathway without affecting susceptibility to apoptosis (3) (4) (5) .
Nix/BNip3L is a "BH3-only-like" protein residing at the OMM and ER that can stimulate apoptotic or necrotic cell death (10) . It is referred to as BH3-onlylike because, unlike classic BH3-only proteins, its BH3-like domain is dispensable for cell killing. Chen et al. (7) study the in response to an ER death stimulus. One possibility is ER-localized BH3-only proteins. In fact, the Pimentel-Muinos laboratory recently showed that Bax/ Bak-deficient cells expressing only ERtargeted Bak can be induced to undergo cell death by ER-targeted BimEL or Puma, BH3-only proteins (13) . Cell death required the transfer of ER Ca 2+ to the mitochondria, although Ca 2+ alone was insufficient. In this study, BH3-only proteins were unable to induce cell death in the combined absence of Bax and Bak. This leaves unexplained how ER-localized Nix/BNip3L is able to function in cells globally lacking Bax and Bak, an observation that may reflect fundamental differences in how BH3-only and BH3-only-like proteins work.
These Ca 2+ -related mechanisms may be relevant to death signals transmitted to the mitochondria by ER-localized Nix/BNip3L. First, Ca 2+ is a likely candidate, given that it is a potent stimulus for MPTP opening (14) . Second, the authors have previously shown that ER luminal Ca 2+ concentrations in Nix/ BNip3L null cells are reduced and that restoration of ER Ca 2+ in these cells restores killing (15) . Thus far, these data are reminiscent of the effects of Bax/Bak in setting resting ER Ca 2+ levels. Additional studies are needed to define the extent to which ER-localized Nix/BNip3L controls dynamic ER Ca 2+ release and mitochondrial uptake in response to ER death stimuli.
How ER Ca 2+ gains access to mitochondria and precisely what it does when it gets there remain unclear. For example, it is unresolved whether Ca 2+ is released into the cytosol to bathe all of the mitochondria or whether the transfer occurs through direct connections between the ER and mitochondrial membranes. Indeed, a population of mitochondria is directly tethered to the ER in an anchored complex that allows for more direct communication and exchange of Ca 2+ (16) . These "attached" mitochondria might play a more dedicated role in ER stressinduced cell death through local ER to mitochondrial transfer of Ca 2+ and other moieties. Recently Ca 2+ /calmodulindependent protein kinase II has been suggested to facilitate the uptake of Ca 2+ into mitochondria (17) , but precisely how it fits into these models is presently unclear. It is also poorly understood how ER Ca 2+ ends up in specific mitochondrial compartments and how intramitochondrial location influences the cell death program that is activated. Chen et al. (7) show that ER-localized Nix/ BNip3L triggered necrosis, as demonstrated by mitochondrial structural changes and cyclophilin D-dependence. But apoptosis is often reported to be the outcome of ER to mitochondrial transfer of Ca 2+ . In summary, the results reported by Chen et al. indicate that Nix/BNip3L provides a point of convergence between apoptotic and necrotic signaling determined by the subcellular location of this protein at the mitochondria or ER. More broadly, this study supports an emerging paradigm whereby ER to mitochondrial signaling, often through Ca 2+ , may serve as a critical link between ER-localized Bcl-2 proteins that traditionally regulate apoptosis, and necrotic cell death.
